Introduction. In order to help volleyball players achieve superior results, their coaches are constantly seeking new training methods. One of the methods used to improve the effectiveness of the training that is being implemented is conducting tests which make it possible to assess the player's locomotor system in terms of its motor and biomechanical functions. The aim of the study was to determine the torque of the knee flexor and extensor muscles of volleyball players in three stages of the annual macrocycle. Material and methods. The study involved 14 volleyball players. Torque was assessed using the BIODEX System 4 Pro at the angular velocities of 60°/s and 180°/s, in three periods of the annual training macrocycle. Results. After the preparatory training period, there was a statistically significant increase in the torque of the flexor and extensor muscles of the lower limbs, both for the lower velocity (p ≤ 0.02 for the right limb and p ≤ 0.024 for the left limb) and the higher one (p ≤ 0.03 for the right limb and p ≤ 0.034 for the left limb). After the preliminary round, statistically insignificant changes were found for the torque values obtained at both velocities. Conclusions. The study showed that frequent monitoring of players can help assess their strength capacity in a more reliable way. The results of such measurements carried out in different periods of the volleyball season can help evaluate the players' strength at a given moment, verify and modify the training methods which are being used, and approach each player individually.
Introduction
Preparing volleyball players for the game is a responsible task. Coaches need to implement the training in a well thought out and organised way, with due diligence, and without risking the health of the players. In order for the players to accomplish the training goals and tasks, it is necessary to maximise the effectiveness and efficiency of the training. There are two basic sources of knowledge concerning this issue. The first one is scientific research that indicates which training methods and techniques are the most effective. The second source is the coaches and players, who have the opportunity to test the results of research studies, on the one hand, and who develop training programmes, on the other [1] . Verifying the results of research makes it possible both to foster the development of superior skills in a given sports discipline and to minimise the risk of injury [2, 3] .
One of the key research methods used is the measurement of strength or speed-strength, which helps assess the locomotor system in terms of its motor and biomechanical functions. Analysing the muscle strength of a given player by comparing it to normative data makes it possible to assess their skills in relation to those of other players with similar somatic features [2, 4, 5] and identify any strength deficit between the two limbs [6] .
The players' speed-strength and strength capacities can be assessed based on measuring the torque of the muscles of their upper or lower limbs. Such measurements are conducted under isometric [2, 5, 7, 8] or isokinetic conditions [6, 9, 10, 11] . The strength capacity of a player can also be evaluated using appropriate biomechanical models [12, 13] . The results of measurements or computer simulations provide substantial quantitative and qualitative data concerning the player's fitness level and the effectiveness of the training methods applied. An analysis of the literature on the subject reveals that there are many publications which present isokinetic studies involving volleyball players conducted both in Poland and in other countries. The isokinetic method is one of the methods which are used the most frequently to assess the strength capacity of the groups of muscles which act on the knee joint and evaluate the function of the knee joint after injuries have been sustained [14, 15, 16, 17] . Such studies have involved, among others, the members of the national teams of Brazil [8] , Spain [18] , and Australia [10, 19] , as well as league players [5, 20, 21, 22, 23] .
Regular isokinetic tests conducted over a longer period of time also make it possible to monitor various types of changes caused by the annual training programme [18, 24] . In the research mentioned above [18, 24] the tests were carried out twice and three times, but only one was performed during the annual competitive macrocycle. Thus, they did not illustrate the changes in the torque of the flexors and extensors of the knee joint in the macrocycle.
Taking the above into consideration, the aim of the current study was to determine the changes in the torque of the knee flexors and extensors in the annual macrocycle in a group of volleyball players.
Material and methods
The study was conducted among 14 volleyball players from a second-league team. Basic anthropometric data (the mean and standard deviation, SD) are shown in table 1. All of the subjects declared that their dominant lower limb was the right one. Before the measurements were performed, the subjects were informed about the aim of the study and consented to participating in it. The study was approved by the Senate Ethics Committee of the University of Physical Education in Warsaw.
The torque of the knee flexors and extensors was measured using Biodex System Pro 4. The measurements were conducted at the end of three different periods of the annual macrocycle: the transition period (first measurement), the preparatory period (second measurement), and the competitive period (third measurement). During the transition period, the subjects performed recreational exercise (they played football, beach volleyball, and basketball, as well as doing running). In the remaining two periods, the team trained five times a week, and two training sessions were devoted to strength training. Strength training in the preparatory period involved high-intensity exercise, while that in the competitive period focused on high-volume exercise.
Before each measurement was conducted, the subjects were immobilised so that the movement in the knee joint could be isolated. They were instructed and verbally encouraged to flex and extend the muscles acting on the knee joint with as much force as possible. The test consisted of two series of movement. In the first one, the subjects performed 5 cycles of flexing and extending the knee joint muscles at an angular velocity of 60º/s, and in the second one, they performed 10 cycles of flexing and extending their muscles at an angular velocity of 180º/s. The measurement was performed for both lower limbs. Each measurement was preceded with a 10-minute warm-up consisting in running continuously at a pace of the subjects' choice.
The values obtained in the measurement of muscle torque were analysed statistically in order to establish whether the differences between different phases of the macrocycle were statistically significant. First, the data was tested for normality of distribution and homogeneity of variances using the Shapiro-Wilk test and Bartlett's test. As the data was found to be normally distributed and to have equal variances, a one-way ANOVA test with repeated measures was performed. In the final stage of statistical testing, the Bonferroni test was used to interpret the significant differences between the mean values of the variables.
Results
The strength capacity of the volleyball players was assessed based on the maximum values obtained for the torque of the The changes in peak torque values of the knee flexors and extensors in the three phases of the annual macrocycle are presented in figures 2 and 3. As far as the measurements conducted at the velocity of 60°/s are concerned, it was found that after the preparatory period, there was a mean increase of 9.6% in the torque of both the flexors and extensors of both lower limbs ( fig. 2) . The third measurement, which took place after the preliminary round of the season, revealed a slight decrease in mean peak torque values (of 2.4%), although those obtained for the extensors of the left limb had risen by 1.3%. The only differences which were statistically significant were those between the values of the torque of the extensors between the first and second measurements (p ≤ 0.02 for the right limb and p ≤ 0.024 for the left one).
As for the data obtained in the measurement performed at the velocity of 180°/s, it was found that the peak torque of the flexors and extensors of both limbs had increased by 10% between the first and second measurements ( fig. 3) . Moreover, the analysis revealed that there had been a mean increase in torque values obtained for the flexors and extensors between the second and third measurements (of 2.7%); however, the torque of the flexors had decreased by 1.6% and that of the extensors of the left limb had increased by 8.3%. Similarly as was the case with the velocity of 60°/s, the only differences found for the velocity of 180°/s which were statistically significant were those between the torque values obtained for the extensors of both limbs between the first and second measurements (p ≤ 0.03 for knee flexors and extensors in isokinetic measurement at the angular velocities of 60º/s and 180°/s ( fig. 1 ).
Age [years]
Height When the peak torque values obtained for the flexors and extensors of both limbs were compared, the muscles of the right limb were found to be stronger at the velocities of both 60°/s and 180°/s. The difference for the velocity of 60°/s ranged from 0.7% to 6.0% for the extensors and 6.5% to 9.7% for the flexors. At the velocity of 180°/s, this difference ranged from 5.1% to 9.3% for the extensors and 4.9% to 6.6% for the flexors.
Based on the data obtained in the measurements, it was possible to calculate the peak flexor to extensor torque ratio 
Discussion
An increase in maximum strength, speed, or both as a result of the training improved the players' muscle power [25, 26, 27] . In a study concerning velocity in strength training [28] , it was found that exercise with heavy loads done at a slow pace helps increase maximum strength and power in movement performed at a low velocity, while dynamic exercise with lighter loads causes an increase in strength and power for faster movement. In volleyball, more than 70% of the movement requires speed-strength [29] , and for this reason, the players' strength training in the preparatory period focused on strength only, while in the competitive period of the macrocycle, this training was aimed at increasing or maintaining the players' dynamics.
The research described in this article made it possible to measure the torque of the flexors and extensors of the knee joint in isokinetic conditions at the angular velocities of 60°/s and 180°/s. An analysis of peak torque values obtained for muscles acting on the knee joint in various periods of the annual training macrocycle showed that after the preparatory period, there was an increase in the strength of the muscles of both the right and left limbs at both velocities, compared to the measurement conducted after the transition period. The increase in the players' strength was satisfactory, and it amounted to approximately 8% at the velocity of 60°/s and over 9% at that of 180°/s. In a study involving top wrestlers, the sum of peak muscle torque values increased significantly by 4.8% after the preparatory period, and it fell to the initial level after the competitive period [30] . As far as the results of research involving volleyball players are concerned, it was found that after six months of training, the strength of the main muscle groups had improved by 4.8% and that of the upper limbs by 13.9%, while the torque values obtained for the lower limbs and trunk had increased by 3.4% and 1.3%, respectively, though this increase was not statistically significant [31] .
After the preliminary round of the season, the results of the measurement changed depending on the velocity of the test. At the velocity of 60°/s, a decrease in strength compared to the second measurement was observed, and at the velocity of 180°/s, the strength of the muscles acting on the knee joint was found to have increased or remained the same. The increase in strength at the velocity of 180°/s was most likely due to the fact that the players had been performing high volume training, that is training involving lighter loads and faster repetitions.
A comparison of the mean peak torque values obtained for the knee flexors and extensors of the right and left limbs showed that in all cases, for both the velocity of 60°/s and that of 180°/s, this difference was less than 10%. This proves that there was no asymmetry between the two limbs, and these results can be seen as satisfactory [6, 14] . However, a lack of asymmetry is not the norm, since in studies involving female gymnasts, the asymmetry between the right and left limbs was as high as 17% in some cases [32] .
When one compares the flexor to extensor ratio (H:Q ratio) with the available norm (61% for the velocity of 60°/s and 72% for the velocity of 180°/s) [6, 33, 34] , it is visible that the ratio in the study was considerably lower than the norm for both velocities. The results obtained show that there was a deficit of strength in the knee flexors compared to the extensors. This study thus confirms the observations of other authors [21, 22] who found that the extensors tend to dominate over the flexors of the knee joint in competitive volleyball players and saw this phenomenon as typical of this sports discipline.
Conclusions
The methodology and results of the current study made it possible to perform an objective assessment of the strength of the volleyball players who participated in the study.
In most cases, the results of the measurements which were conducted proved that the training methods used in the macrocycle were appropriate for the players, since there was an increase in torque values obtained for the muscles acting on the knee joint after the preparatory period, while the long and exhausting preliminary round of the season caused a decrease in the strength of the lower limbs at a low velocity.
The results of such measurements carried out in different periods of the volleyball season can help assess the players' strength capacity at a given moment, verify and modify the training methods which are being used, and adopt an individual approach to each player.
